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ABSTRACT 

The  U.  S.  Naval  Civil  Engineering  Laboratory  was  requested  to  inves¬ 
tigate  various  metals  now  in  use  as  ground  rods,  and  metals  which  might 
be  acceptable  substitutes.  NCEL  cooperated  with  the  National  Association 
of  Corrosion  Engineers  in  the  latter’s  "Driven  Ground  Rod  Test  Program" 
by  installing  a  aeries  of  test  rods  at  the  Laboratory.  A  description  of 
the  site  and  details  of  the  actual  installatien  of  the  rods  are  given, 
along  with  similar  infozmation  relative  to  a  short  term  test  being  con¬ 
ducted  at  the  Naval  Air  Station,  Point  Higu,  California.  Results  will  be 
included  in  a  forthcoming  report. 


INTRODUCTION 

P«N»r  tranifenmr  stations,  radar  Installatlena,  and  radio  atatlena 
all  roqnlra  ortonalvo  buried  grounding  netvorks.  The  notal  moot  eenBionly 
vaod  for  this  purpose  is  bare  copper  as  a  solid  rod  or  wire,  or  as  a 
coating  or  cladding  on  a  stronger  base  metal  such  as  ateel.  A  serious 
problem  arises  When  extensive  amounts  of  copper  are  buried  in  proximity  to 
a  less  noble  (leas  corrosion-resistant)  metal :  corrosion  of  the  ether  metal 
is  accelerated  and  the  second  metal  eventually  fails  to  perform  its  primary 
function.  This  is  particularly  true  when  the  copper  and  the  other  metal 
are  bended  electrically,  as  in  the  case  of  a  steel-framed  or  steel-covered 
building  where  parts  are  buried  in  the  earth.  A  second  example  exists  where 
an  inter-connection  la  made  to  both  a  copper  ground  and  the  water  line. 

The  Bureau  of  Yards  and  Docks  authorised  the  Naval  Civil  Engineering 
Laboratory  (NCEL)  to  investigate  several  metals  which  might  serve  as  ground 
reds.  An  economically  acceptable  substitute  for  copper  would  be  desirable, 
if  compatible  with  steels  or  ether  buried  metals,  as  would  alternates  that 
might  be  used  in  emergency  situatloilB  when  copper  is  unavailable.  The 
Laboratory  then  arranged  to  cooperate  with  the  National  Association  of 
Corrosion  Engineers  (NACE)  in  its  "Driven  Ground  Rod  Test  Program". 

'.■!  'nils  report  presents  NCEL*s  test  program,  a  description  of  the  test 
sites,  and  installation  details. 


TEST  PROGRAM 

A.  General 

The  NACE  test  program,  modified  to  suit  NCEL*s  needs,  is  as  follows: 

Rods  of  various  metals  are  obtained,  weighed,  and  driven  into  the  ground 
in  throe  groups,.  At  intervals  of  one,  three,  and  seven  years  after  the 
initial  installation  the  reds  in  one  of  the  groups  are  to  be  removed, 
examined,  and  reweighed,  nie  corrosion  loss  will  be  determined  and  the 
rate  of  corrosion  calculated  as  grams  per  square  centimeter  per  year. 

Each  group  of  rods  consists  of  two  sub-groups.  The  first  sub-group 
eonaiats  of  single  rods  of  all  the  metals  being  considered.  The  second  sub- 
gossip  consists  of  a  red  of  each  motal  coupled  to  one  or  moro  mild  steel  rods. 
The  coupled  reds,  by  their  dissimilarity,  form  the  anodes  and  cathodes  of 
galvUnie  cells}  varying  the  number  ^  steel  rods  coupled  to  che  ether 


Mtalt  pr»vi4«f  a  eamparlatR  aC  tha  affaet  aC  dlftarant  anada-te-eathada 

at«a  zttlaa  far  tlia  aa«a  aatal  ayataat. 

B.  Vaat  Sada 

Itilrty'^na  rada  a£  alght  dlffarant  BMtal  ayataaa  ara  Lneludad  in  aaeh 
yrawp,  (Flgura  1)  Tha  rada  ara  naalnally  5/B  iaeh  in  dianatar  by  aifht 
faat  Im  laa^tth,  paintad  an  ana  and  ta  faailitata  driving  and  ohaatfarad  an 
tha  athar  and  ta  nlninina  nnahraaninf  aC  tha  rad  nhan  drivan,  Thay  ara 
uanally  ana  aantittnana  piaea,  nat  ahartar  piaaaa  Jainad  ta  fern  tha  daairad 
lanfth«  lha  natal  ayatana  ara  nild  ataal,  galvaniaad  ataal,  Ni-Raaiat, 
lypa  302  atainlaaa  ataal,  aappar-elad  ataal,  hlgh-pnrity  aine;  AZSIB 
nagnaaina  allayt  and  Ha.  6061-Td  alnninna  allay.  Single  rada  af  mild  ataal 
ara  aanplad  ta  aingla  rada  af  tha  athar  aavan  Mtal  ayatana;  in  additian, 
twa  nild  ataal  rada  ara  aa«iplad  ta  aingla  rada  af  aappar-alad  ataal,  nag- 
naainn,  and  alna,  ta  pravida  tha  different  anada-ta-aathada  area  ratiaa 
nantlanad  pravianaly* 

C»  Data 

All  rada  ara  nalghad  priar  ta  Inatallatian.  Vhan  aaeh  granp  ia  ranavad 
fran  tha  granad,  tha  individnal  rada  will  be  freed  af  earraaiaa  pradneta, 
ranaighad,  and  their  aarraaian  laaaaa  dataminad.  At  tha  tine  af  inatatla- 
tlaa«  aaah  rad^a  patantial  ta  a  aapparnralfata  half-aall  and  ita  ratlatanaa 
ta  earth  ara  dataminad*  Tha  aana  data  ia  abtalaad  far  paira  nild  ataal 

rada  aa  aaan  aa  thay  ara  aannaatad  ta  aaah  athar,  Tha  p^antial  ta  a 
aappar-anlfata  half-aall,  tha  raaiatanaa  ta  earth,  and  tha  entrant  flan 
are  dataminad  far  all  eanplaa  aa  aaan  aa  thay  ara  famed.  Sttbeagnant  data 
Inalndaa  tha  raaiatanea  ta  earth  af  aaeh  rad  ar  eai9la,  tha  patantial  ta  a 
eappar-anlfata  half-aall  af  aaah  rad  ar  eanpla,  and  the  evrrant  flan  in 
aaah  eanpla,  ta  be  abtainad  nanthly  ar  aa  dictated  by  naathar  eanditiana. 

Tha  anannt  ^  min  that  falla  daring  the  teat  pariad  ia  ta  be  dataminad, 
aa  will  athar  data  idileh  nay  ba  eanaidarad  pertinent  aa  a  raealt  af  farther 
invaetlgatiana 


TB8T  SX1BS 
A*  NCBl, 

The  HCEL  teat  alta  ia  laaatad  ia  tha  aaathaaat  aamar  af  tha  nala 
Lahomteay  eaivannd,  (Flgnraa  2  and  3)  It  ia  appraatinataly  100  faat  long 
and  20  faat  wide,  with  tan  rafamnea  alaatradea  pamonantly  inatallad  at 
SO  and  100  faat  fran  tha  naaraat  edge  of  tha  aita  and  an  a  line  parpandianlarr 
ta  tha  length  af  tha  alta  at  tha  aita*a  aaatar.  Tha  alta  pamllala  tha 
aenth  hoondary  fanoa,  with  tha  fimt  raw  of  teat  rada  als  faat  fran  tha 
fanaa  linn*  lha  tail  aanaiata  af  a  three  faat  layer  af  amahad  aandatana 
fill  an  tap,  fallawad  by  abaat  five  faat  af  aand  and  gravel  hydrawlia  fill. 
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and  a  natural  depoait  of  sand  and  gravel  of  undetermined  thlckneaa.  The 
realativlty  of  the  aoll  to  an  eight-foot  depth  averajges  1200  ohm-cm. 

B.  Mugu 

The  site  at  the  Naval  Air  Station,  Point  Mugu,  is  located  as  shown  in 
Figures  4  and  Si.  This  location  is  aometimes  covered  by  water  at  high  tide 
and  during  tne  rainy  season.  The  site  is  roughly  20  feet  wide  by  70  feet 
long;  two  reference  electrodes  are  located  at  50  and  100  feet  from  the 
nearest  edge  of  the  site,  on  a  line  perpendicular  to  the  length  of  the  site 
at  the  site's  center.  The  top  soil  consists  of  a  fine,  ailt-like  material 
to  a  depth  of  28  inches.  At  that  level  a  sand  is  evident  and  is  mixed 
with  thin  layers  of  silt  or  clay  for  two  inches.  The  sand,  light  brown  or 
tan  in  color,  continues  for  six  more  inches.  At  a  36  inch  depth  the  sand 
changes  to  a  blue-grey  color  and  becomes  slightly  finer  in  texture.  Beyond 
four  feet  in  depth  the  most  obvious  change  is  the  appearance  of  at  least 
two  different  types  of  sea  shells.  The  resistivity  of  the  soil  to  an  eight 
foot  depth  averages  85  ohm-cm. 


INSTALLATION  DETAILS 

A.  NCEL 

Rods  were  installed  in  a  rectangular  pattern  on  6  foot  centers  as  shown 
in  Figure  3,  An  air  hammer,  with  a  special  driving  head,  (Figure  6)  was 
used  to  drive  the  rods  after  they  had  been  started  with  a  sledge  hammer. 

A  steel  rod,  5/8  inch  in  diameter,  was  used  to  make  pilot  holes  for  the 
aluminum,  magnesium,  and  Nl-Resist  rods.  The  hardness  of  the  soil  surface, 
and  the  large  stones  known  to  be  present  could  cause  the  Nl-Reaist  rods  to 
fracture,  and  the  other  two  materials  to  mushroom  abnormally.  A  slightly 
larger  rod  was  used  for  making  pilot  holes  for  the  sine  rods,  since  they 
were  so  soft  that  other  than  minimum  resistance  could  cause  them  to  bend 
above  ground  level.  Fine  sand  was  poured  into  the  holes  after  the  rods 
were  inserted  to  insure  good  contact  between  the  rod  and  the  earth. 

B.  Mugu 

The  same  basic  pattern  was  used  at  Mugu  as  at  NCEL.  The  actual 
installation  was  much  simpler,  however,  since  the  rode  could  be  pushed  into 
the  ground  until  the  sand  layer  was  contacted.  A  light  hammer  waa  used  to 
drive  the  rods  the  rest  of  the  way  into  the  ground  (Figure  7),  with  a  simple 
driving  head  used  on  the  softer  metals  to  minimise  mushrooming.  Pilot 
holes  were  not  needed  for  any  of  the  metals. 

SUMMARY 

No  results  are  includad  in  this  report,  since  the  two  one-year  groups 
of  teat  rods  were  removed  from  the  ground  a  short  time  ago.  A  report  will 
be  prepared  Which  will  include  all  test  results  obtained  from  those  groups. 
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Plgar*  1.  Typical  grpup  oC  ground  roda.  Fron  left;  slid 
atael,  copper-clad  ateel,  galvanised  steel,  sine 
Hi-8esist,  stainlesi  ateel,  aagneslua,  alusinua. 


PAcmc 


OCCPN 


nouc  4 


GBOU®  ROD  TEST  SITE 


Figure  5.  Ground  rod  test  site.  Point  Mugu. 


